Objectives: To investigate the reproducibility of the HELENA Food Frequency Questionnaire (FFQ) developed as a basis for an online tailored intervention and to compare the FFQ with four computerized 24-h recalls. Subjects/methods: A convenience sample of 48 Belgian-Flemish adolescents completed four computerized 24-h recalls, the FFQ and a retest 1-2 weeks later. Correlations, the Wilcoxon's signed rank test and Bland and Altman's plots were used to compare the intakes of 22 food groups, energy (kcal), fibre (g, g/1000 kcal), vitamin C (mg, mg/1000 kcal), calcium (mg, mg/1000 kcal), iron (mg, mg/1000 kcal) and fat (g, % from total energy). Results: Reproducibility correlations were good (0.46-0.90). De-attenuated correlations between both methods were high (X0.51) for all nutrients and nutrient densities, except for fibre (g), vitamin C (mg) and percent energy from fat (respectively 0.23, 0.40 and 0.30). On a food group level correlations were significant (r unadjusted 40.3) for most (17/22) food groups. No systematic differences were found between test and retest; comparison with the recalls resulted in a significantly higher intake of bread, breakfast cereals, other snacks, vegetables, potatoes, coffee and tea, alcoholic beverages, energy, and most nutrients. No significant difference was found for calcium, whereas an underestimation was found for nutrient density of calcium and fat. Conclusions: The overestimation in seven food groups, resulting in an overestimation of energy, fibre, iron and vitamin C, and underestimation of percentage energy from fat, needs to be considered when the estimated intakes are used for tailored feedback.
Introduction
The high prevalence of overweight in adolescents (Janssen et al., 2005) indicates a need for action. Physical (in-)activity and dietary habits are both important aspects that need to be considered in the perspective of overweight prevention. Computer tailoring, a technique in which information on health behaviour is tailored to the individual, has become more popular in health promotion interventions in the past decade and positive results have been reported (Kroeze et al., 2006) . Until now only a few computer-tailored interventions have focused on multiple health behaviours (Smeets et al., 2007) and showed that successfully intervening on such a combination is possible to some extent (Vandelanotte et al., 2005; Haerens et al., 2006; Smeets et al., 2007) .
One of the purposes of the HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) study (Moreno et al., 2008) , a health and lifestyle study of European adolescents (http://www.helenastudy.com/), was therefore to develop an online tailored intervention enhancing physical activity and diet of adolescents focusing on their intake of fat, calcium, fibre, iron and vitamin C.
Computer-tailored interventions are usually built upon four major components: a questionnaire to assess behaviour and important determinants of behavioural change; a message library that contains all health education messages that may be needed; a set of decision rules that evaluate the answers on the questionnaires and generate messages tailored to the specific answers; and a channel to deliver the message in an understandable, clear and attractive manner (Steenhuis et al., 1996) . Several instruments can be used for assessing the eating habits of adolescents. However, a tailoring intervention on the usual diet directed at a large target group requires an instrument that can be easily administered, is financially and practically attractive, and is able to immediately assess the intake over a longer period. A Food Frequency Questionnaire (FFQ) was therefore the method of choice.
This paper documents the reproducibility (test retest reliability) of the FFQ designed for the HELENA study and compares the dietary intake assessed with the instrument with four computerized self-administered 24-h recalls in a sample of Belgian-Flemish adolescents.
Methods

Instruments
The FFQ. The FFQ was designed to estimate adolescents' habitual food intake operationalized into their intake of fat (% energy from fat), calcium (g), fibre (g/1000 kcal), iron (mg) and vitamin C (mg). The FFQ was based on the validated EPIC FFQ for the Netherlands (Ocke et al., 1997) , a fat-intake FFQ developed at the Department of Movement and Sport Sciences of Ghent University (Vandelanotte et al., 2004) , and a questionnaire based on the Flemish food-based dietary model (www.vig.be). In total 137 food groups (for example, fresh fruit) and individual food items (for example, white bread) were identified as contributing substantially to the overall intake of these components.
These food items were divided over 21 screens (beverages, alcoholic beverages, coffee and tea, milk, yoghurt and fresh cheese, milk-based desserts, breakfast cereals, bread products, sandwich filling, meat and fish products, cheese, fast food, pasta and rice, potato products, vegetables, fruit, eggs and vegetarian products, meat and fish, biscuits and pastry, sauces) grouping 2-9 related foods per food group (for example, for beverages: sport and energy drinks, water, fruit and vegetable juices, diet soft drinks and regular soft drinks).
The respondents could indicate their answers in 'units per day', 'units per week' or 'units during the last 30 days' (see Figure 1 ; available as Supplementary information). For most items a unit was a standard portion size (for example, a glass of milk, a piece of fruit, a slice of bread). For some items extra information was provided (for example, for milk: 1 glass ¼ 1 small bottle ¼ 1 mug ¼ 1.5 cup). For most items the respondent could select up to 10 units; however, for slices of bread and croquettes, the respondent could select up to 30 units.
For amorphous foods (for example, vegetables) the question was split into consumption frequency (times per day/ per week/during the last 30 days) and average consumed amount per occasion (see Figure 2 ; available as Supplementary information). For these items, the respondents could select one of six portion sizes, including four pictures of increasing size embedded within the options 'oportion A' and '4portion D'.
For some items, additional information on the type of food consumed was requested (for example, a drop down list to indicate how often the consumed milk was buttermilk, soy milk, whole fat, semi-skimmed and skimmed milk, with five response options from 'almost never or never', to 'almost always or always' for each item) (see Supplementary  Figure 1 ).
The order of completing the items and screens was fixed; nonetheless, it was possible to return to previous screens and items at any time.
The validation standard. The reported FFQ consumption was compared to food consumption assessed using a self-administered 24-h dietary recall instrument 'Young Adolescents' Nutrition Assessment on Computer (YANA-C)' (Vereecken et al., , 2008 . YANA-C is a computer-based instrument structured around six meal occasions (breakfast, mid-morning snack, lunch, afternoon snack, dinner and evening snack) and embedded in a group of questions that take the respondents through a range of sequential activities (for example, when the respondents woke up, what the respondents did during the morningy). Adolescents were requested to complete four non-consecutive 24-h recalls, including one weekend day and three weekdays. For each meal occasion, adolescents were invited to select all food items eaten on that occasion from a hierarchical menu structure of more than 800 food items. For each selected item, one or more extra screens are provided to quantitatively gather detailed information regarding portions and portion sizes. Almost 200 sets of standardized photographs are available to assist in the portion-size estimation of items that are difficult to quantify. A study of the accuracy of portion-size estimates by adolescents for a selection of these photographs indicated an average underestimation of eight percent for self-served portions and an average underestimation of 15% for pre-weighed portions in front of the respondent. Spearman's correlations between the weights of the self-served portions and the estimated portions were on average 0.72 (Vereecken et al., in press ).
The relative validity of the instrument as such has been investigated against food records and interviews ). Spearman's correlations for energy and nutrient intakes (macronutrients, fibre, calcium, iron and vitamin C) ranged between 0.44 and 0.86. Nutrient and energy intakes were significantly higher in YANA-C in comparison with the food record except for calcium; in comparison with the interview no significant differences were found, except for fibre, which was higher in YANA-C.
Nutrient calculation
To calculate the nutrient intake, both instruments used a food composition database built on the Dutch Nevo table (2001) and the Belgian Nubel table (2004) . However, much more detailed information was collected and accorded in YANA-C (for example, an apple with the nutrient analysis of an apple in YANA-C versus a piece of fruit with the average nutrient value of several kinds of fruit in the FFQ).
Sample and procedure A convenience sample of 55 adolescents was recruited by the students of the Department of Social Medical Sciences of Ghent University for course credits. Each student (n ¼ 11) had to recruit five pupils. The criteria for participation included age between 13 and 17, access to internet, prepared to complete several food and physical activity questionnaires during six survey sessions (February 2006 -May 2006 and a consent form signed by the participant and their parents.
Data collection took place in the students' or the pupils' homes; the students had to be present when the first questionnaire was administered as well as when the three first YANA-Cs were completed. During the last visit, the participants received a small gift (a book token for 10 Euro).
Data of seven pupils was removed because of missing data on one or more questionnaires.
The YANA-Cs were collected over a period of 2 months, before the first FFQ. To assess the reproducibility, participants completed the FFQ a second time 1-2 weeks after the first completion.
Analyses
The energy and fat, fibre, calcium, vitamin C and iron intake were computed for both methods as the target of the intervention were these components of the diet (i.e. % energy from fat, g fibre/1000 kcal, mg calcium, mg vitamin C and mg iron). Mean, standard deviations and medians were calculated. Spearman's and Pearson's correlations were calculated using the unadjusted nutrient data. To adjust for within-person variation in the YANA-Cs, de-attenuated correlation coefficients were calculated (Willett, 1998 ). Wilcoxon's signed rank tests were used to investigate systematic differences. Bland and Altman's (Bland and Altman, 1986) plots, investigating individual differences between the first FFQ and the YANA-Cs against the mean of both measurements, offer a visual representation of the direction of bias and whether it is constant across levels of intake. The limits of agreement (mean difference±1.96 s.d. of the difference between both methods) indicate whether the agreement is acceptable on an individual level. To investigate the concordance between both methods in classifying adolescents in terms of adequacy of the target nutrient intakes, nutrient intakes were dichotomized above or below recommended intakes (German Nutrition Society et al., 2002) . Additionally, cut-off points of the FFQ were adapted for average overestimation or underestimation in comparison with the YANA-Cs.
As food intake data could help to identify sources of errors at a nutrient level, food items were grouped into 22 food groups; the average daily consumption was computed; descriptives were presented and both methods were compared with Spearman's correlations and Wilcoxon's signed rank tests.
Results
The mean age of the participants was 14. 6 (s. The reproducibility correlations of the nutrients ranged between 0.46 and 0.65 (Table 1) , with an average of 0.58. The reproducibility correlations of the foods ranged between 0.46 and 0.90, with an average of 0.64 (Table 2) .
Spearman's correlations between the first FFQ and the YANA-Cs were on average 0.46, with significant correlations for energy and all nutrients (X0.32), except for the percentage of energy from fat (0.18). The de-attenuated correlations varied between 0.23 and 0.78, with an average of 0.56. Spearman's correlations were significant for 17 of the 22 food groups; no significant associations were found for consumption of biscuits, other snacks, sauces, fruit and the group of meat, fish and meat substitutes.
Wilcoxon's signed rank test showed no systematic differences between test and retest (data not shown). A significantly higher intake of bread, breakfast cereals, other snacks, vegetables, potatoes, coffee and tea, and alcoholic beverages, and a significantly lower intake of cheese were found in the FFQ in comparison with the four YANA-Cs. The higher intake of the different food groups was also reflected in a higher energy, fibre, vitamin C, iron and fat intake. The percentage of energy from fat, conversely, was significantly lower in the FFQ. Bland and Altman's plots (Figure 1a-f ) indicated wide limits of agreement for all nutrients and a tendency for greater differences in energy and nutrient intake between both methods as the average daily intake of both methods increased (Figures 1a and c-e) .
Comparison of the dichotomized variables (above or below the dietary recommendations) (Table 3) indicated an average concordance of 61%, with the lowest values found for vitamin C (50%) and percent energy from fat (52%). Adapting the cut-off values for dichotomization of the FFQ values on the basis of the results of the comparisons with the YANA-Cs, the concordance could on average be increased to 73%.
Discussion
This paper reports on the reliability and relative validity of the HELENA FFQ. For this purpose a test retest was performed and the first FFQ was compared to four selfadministered computerized 24-h recalls.
The results indicate that the HELENA FFQ has adequate reliability: test retest correlations fell within the common range of 0.5-0.7 found in the literature (Cade et al., 2002) . Moreover, no significant systematic difference was found between test and retest.
The correlations between the FFQ and the YANA-Cs varied considerably between nutrients and between food groups. Substantial correlations were found for energy (0.70), fat (0.64), iron (0.63) and calcium (0.49) intake (we focused on unadjusted correlations as only a few studies report adjusted correlations). In other studies, among adolescents comparable or even higher correlations were found with energy (0.6-0.87), fat (0.72-0.80), iron (0.46-0.71) and calcium (0.5-0.76) (Slater et al., 2003; Bertoli et al., 2005; Papadopoulou et al., 2008) , although comparison is difficult due to differences in methodology. Lower correlations were reported by others: for energy (0.19-0.46) (Rockett et al., 1997; Field et al., 1999; Lietz et al., 2002; Cullen and Zakeri, 2004) , fat (0.38-0.52) (Rockett et al., 1997; Field et al., 1999; Lietz et al., 2002) , calcium (0.33-0.46 ) (Rockett et al., 1997; Field et al., 1999; Lietz et al., 2002; Harnack et al., 2006) and iron (0.28-0.46) (Rockett et al., 1997; Field et al., 1999; Slater et al., 2003) . Although there is no real threshold, Cade et al. (2002) suggest that below 0.3 or 0.4 attenuation will be so severe that it will be difficult to detect associations. In our study rather low correlations were found for fibre and vitamin C. Comparable correlations were found in the literature for fibre (0.28-0.35) (Rockett et al., 1997; Field et al., 1999; Lietz et al., 2002) , and slightly higher correlations in the study of Slater et al. (2003) (fibre: 0.59; vitamin C: 0.42). Correlations on a food group level varied between À0.08 and 0.80, with 10 of the 22 food groups below 0.4. In the study of Matthys et al. (2007) , in which a web-based FFQ was also compared but with 3-day estimated food records in 12-to 18-year-olds (n ¼ 105), eight of the 15 food groups had correlations below 0.4.
An overestimation was found for seven food groups (bread, breakfast cereals, snacks, vegetables, potatoes, coffee and tea, and alcoholic beverages) whereas only cheese was underestimated, resulting in an overestimation for all nutrients, an underestimation in percent energy from fat and no significant difference for calcium. Overestimation has been reported by several others (Lietz et al., 2002; Bertoli et al., 2005 ); yet, others did not found a significant difference (Rockett et al., 1997; Slater et al., 2003) . Dietary assessment is a complex task: it requires that food is recalled, recognized and described in frequencies and quantities of units or portions within a certain time frame. Food items may be *Po0.05; **P o0.01; ***Po0.001.
forgotten, and other food items may be remembered although not having been consumed within the given time frame. Some food items are not recognized because they are part of a dish. Substantial week-to-week, day-to-day and meal-to-meal variability in food and portion sizes consumed may require arithmetic computations to average usual consumption to fit into the FFQ response categories, and hence, may be simplified when a long list of estimations need to be done.
Over-and underestimation are, however, important issues for tailored interventions where the feedback is built on absolute intakes and needs to be considered when the algorithms of the feedback engine are constructed. The current findings suggest for example to increase the cut-off values of the recommended intakes or to apply a correction factor to decrease the reported intake of fibre, vitamin C, calcium and iron, and to increase the percentage of energy from fat before being evaluated for feedback. However, these adapted cut-off values need to be confirmed in a larger, more representative sample.
Finally, several limitations must be considered. First, we want to stress that no self-report dietary assessment method provides completely accurate data. We relied on four selfadministered computerized 24-h dietary recalls as criterion measure. This is a much shorter reference period than the 'last 30 days' which is referred to in the FFQ. In addition, because of variability in an individual's food intake, four 24-h recalls may not be enough to assess the usual intake, especially for children and adolescents where the ratio of within-between subject variances seems to be larger, requiring more days to rank subjects correctly (Livingstone and Robson, 2000) .
Second, computerized self-assessment has many advantages, including enhanced communication through pictures, standardization of questioning, fast and easy data processing, as well as increased privacy and confidentiality and the Table 3 Number of respondents that would receive an advice based on the FFQ and/or the YANA-Cs, and concordance (%) between both methods for cut-offs based on recommendations and adapted for over-and underestimation (n ¼ 48) ability to collect data in a neutral environment (Brener et al., 2003; Probst and Tapsell, 2005) . However, self-assessment also means that respondents have to quantify and categorize the food items in the most accurate way themselves, therefore some food and beverages might have been misclassified. Third, studies involving biomarkers that represent valid reference measurements, such as doubly labelled water for measuring energy expenditure and urinary nitrogen for measuring protein intake, suggest biased reporting on food records or recalls on average towards underreporting (Kipnis et al., 2002) . To investigate this problem we compared the average energy intake of our population with the average energy intake from the study of Matthys et al. (2007) on the basis of a 7-day dietary record. The energy intake of their study was indeed slightly higher, which could indicate that there is an underestimation in the recalls. Caution is, however, necessary as the data of Matthys et al. are more than 10 years old and although the adolescents were in the same age range, other characteristics might have been different.
Fourth, in validation studies, the errors associated with the test method and reference method should be independent (Cade et al., 2002) . Both methods were, however, from selfreport data and thus might suffer from errors inherent to self-reports (for example, social desirability). Moreover, both methods are recall methods and hence depend on memory. Additionally, the food photographs used in the FFQ were selected from the photographs used in YANA-C; so for those items, errors in portion-size estimation may have been similar.
Fifth, for practical reasons three 24-h recalls were collected before the FFQs. Ideally the test measure should be administered before the reference data (Cade et al., 2002) : completing the 24-h recalls might have drawn respondents' attention to their diet, which would normally not happen in the main study.
Sixth, although calculation of the nutrient information of both methods was based on the same nutrient databases, analysis of the same food pattern would not necessarily lead to the same nutrients as much more detailed information was collected in YANA-C (for example, an apple coded in YANA-C would be reported as a piece of fruit in the FFQ).
Finally, the results are based on data of a convenience sample of Belgian-Flemish adolescents, resulting in overrepresentation of adolescents receiving a general education. Therefore, the results might not be generalizable to the Flemish adolescent population or other population groups.
To conclude, the results of our study are comparable with what has been found in other studies of adolescents. The test retest results were good. In comparison with the average of four YANA-Cs, an overestimation was found for seven of the 22 food groups, an underestimation was found for cheese, resulting in a higher estimated intake of energy, fibre, iron and vitamin C, and a lower percentage of energy from fat. This needs to be considered when the algorithms of the feedback engine of tailored interventions are constructed. For example, concordance in those responding to the dietary guidelines versus those not responding to the dietary guidelines was rather low (61%) but could be increased by adapting the cut-off values for the FFQ (73%). A high agreement was found in ranking adolescents' energy, fat and calcium intake according to both methods (rX0.49); the correlations for fibre and vitamin C were lower (respectively 0.32 and 0.33). Variation in dietary intake may however have compromised the agreement between both methods.
